Introduction
The oxovanadium (IV) species, V 0 2+, is the most stable diatom ic ion and is known to form a wide variety of stable complexes [1] , Vanadium is an es sential trace elem ent in both plants and animals [2] , Several physiological and biochemical studies show that the predom inant oxidation state of vanadium in tissues and cells is 4-K In red cells, V 0 3-is reduced almost quantitatively to VO2* and is tightly bound to hemoglobin [3] , The electronic configuration of vanadium (IV ) with one unpaired electron and a non-degenerate ground state with a large energy separation between it and the excited states (due to the strong axial component of the crystal field cre ated by the short V -O internuclear distance) ren ders the oxovanadium (IV) complexes ideal models for magnetic investigations in different environ ments [4] , Further, the strongly bound oxygen in V O 2* provide additional means for studying the complexes of this oxycation beyond those normally employed.
Some tridentate Schiff bases [5] and hydrazones [6] are reported to form dimeric complexes with V 0 2+. The Schiff base synthesised in this work is a dibasic tridentate ligand derived by the reaction of anthranilic acid and salicylaldehyde, and was thought to generate mixed ligand complexes which may be either penta-coordinated [VO(SB)Im] or hexa-coordinated [V O (SB)(Im )2]. In view of the importance of imidazole in biological systems [7] [8] [9] and also in view of the fact that the mixed ligand complexes play an im portant role in many naturally occurring biolog ical processes [10] , we undertook a study of the synthesis and characterisation of mixed-ligand com plex form ation of V O 2* with the Schiff base anthranilic acid salicylideneimine and imidazole or its derivatives.
Experimental

Analyses and physical measurements
Vanadium was estim ated either as V2O s or as A g V 0 3 [11] . The C, H, N microanalyses were made using a Carlo Erba instrum ent. The room tem pera ture magnetic moments were determ ined in a Gouy balance using H gCo(CNS)4 as calibrant. The electri cal conductivity was m easured in M eOH solution (ca. 10*3 N) using a Systronics 304 digital conduc tivity bridge and a dip type Pt cell with a cell constant of 1.0. The therm ogravim etric measurements were made using a Shimadzu-DT 30 therm al analyser, and the electronic spectra recorded in a Varian 634 Spec trophotom eter in M eO H solution. The infra-red spectra were recorded as KBr pellets or polyethylene plates in the range 4,000-400 cm*1 in a Perkin Elm er 257 Spectrophotom eter. The E PR spectra were recorded as polycrystalline solids in a Varian E-4 Spectrom eter operating at X-band frequency.
Synthesis of complexes
Aqueous V O C l2 was prepared from aqueousethanolic solution of V20 5 and 1:1 HC1 by literature methods [12] , and was used for complex preparation. 
Results and Discussion
The Schiff base anthranilic acid salicylideneimine (H 2SB) derived by condensing salicylaldehyde and anthranilic acid is a potential dibasic, tridentate ligand. This ligand could coordinate to V O :+ in the presence of m onodentate, neutral donor ligands (D) e.g. imidazole or its derivatives to form either fivecoordinated complexes, [VO(SB)(D)] or six-coordi nated complexes [V O (SB )(D )2], H ow ever, it is seen that eventhough the metal, the Schiff base and the imidazole are taken in the ratio of 1:1:2 always only a 1:1:1 complex is form ed, which could be a pentacoordinate complex of vanadium . The magnetic m o I H2SB) ment measurm ents at room tem perature and the electronic spectra in various solvents show that they are dimeric leading to a lower magnetic moment and six-coordinated, however, preventing the entry of a coordinating solvent molecule.
The analytical data of the complexes alongwith other characterising data are presented in Table I . The molar conductance values in methanol show that the complexes are non-electrolytes [13] . The optical spectra of all these complexes are characterised by three broad but well-defined d -d absorption bands, which appear at ~12,000 cm-1 (due to b2 -> e transi tion), at -17,500 cm-1 (b2 -» b^ and at -21,000 cm -1 (b2 -» aj), according to the McGlynn and V anquickenborne Scheme [14] . The IR spectra provide information regarding the bonding of the Schiff base and imidazole and also about the V = 0 bond in these complexes. The V = 0 bond in V 0 2+ complexes is a multiple covalent bond consisting of pT-^d T donation of electrons superimposed on the CT-bond. The electron accepting capacity of V(IV) containing one half-filled and four empty d-orbitals should be markedly affected by covalent ligands. Coordinated ligands which donate their electron pairs will increase the electron density in the metal dorbitals and consequently the p.T-d T donation from O to V is expected to be reduced. As a result, there will be a lowering of the V = 0 bond order and hence of v (V = 0 ). v (V = 0 ) of monomeric complexes usu ally occurs in the 950-1000 cm-1 range [15] , but re duction of the V = 0 bond order from this value to about 850 cm-1 is generally regarded as being diag nostic for polymerisation in the solid state [16] . In all the complexes reported here, v (V = 0 ) appears as a strong, sharp band at 875 -880 cm-1 indicating an oligomeric structure.
The cative of the dibasic and tridentate character of the anthranilic acid salicylideneimine ligand with an O N O donor set [17] . The m ajor bands due to the imidazole group are also observed and assigned on the basis of our earlier work [9] , leaving little doubt about the coordination of the neutral imidazoles (D) to the V O 2* moiety. The room -tem perature magnetic moment of oxovanadium (IV ) complexes are normally close to the spin-only value of 1.73 B.M . [18] . However, the complexes under discussion have a subnormal magnetic m om ent of 1.4 B.M . at room tem perature. It appears that the tridentate dibasic character of the anthranilic acid salicylideneimine ligand containing the O N O donor set forces the V 0 2+ ion to dimerise leading to antiferrom agnetic properties, as observed by other workers [5, 6, 19, 20] , The coupling of two s = 1/2 spins of the two V 0 2+ ions leads to a singlet state (S = 0 ) and a thermally accessible triplet state (S=l) separated by the exchange integral. The population of the molecules in the two spin states then follows the Maxwell-Boltzman distribution law. Thus, the oxygen bridged structure (I) for oxovanadium (IV ) complexes with magnetic exchange appears to be a reasonable model. The EPR spectra of the complexes as polycrystal line solids were recorded at the X-band frequencies both at room tem perature as well as at liquid He tem perature (4.2 K). The [VO(SB)(Im )]2 complex shows a single unresolved E PR signal at g = 1.9715. The eight hyperfine lines due to MV are not resolved, and the linewidth is about 80 G. The hyperfine in teraction of MV being quite large (-100 G) [21] , small linewidth of the E P R lines due to V O 2* in [V O (SB)(Im )]2 can be attributed to rapid electron exchange between the two vanadium nuclei of the dimeric structure (I). Similar observations have been made for the vanadyl citrate [22] and tartrate [23] systems, which show the lowering of the hyperfine interaction due to the dim er formation. For com pounds containing other imidazole derivatives as the axial donor in [V O (SB )(D )]2 complexes, where D = l-M elm , l-E tlm , l-V ilm , 2-MeIm, 2-EtIm and 1,2-DiM eIm, both broadening and shifting of the E PR lines were noticed. The broadening of the EPR lines is due to the slowing down of the reorientational motion of imidazole derivatives containing bulkier groups like methyl, ethyl etc. in place of hy drogen at either the 1-or the 2-positions. The EPR lines further broaden with decreasing tem perature indicating that the reorientational motion slows down at lower temperatures (4.2 K).
The change in the g-parameters depending on the nature of the substituents in the imidazole ring (Table I) may be understood by correlating the electron repelling tendency of these substituents. In the case of the unsubstituted imidazole complex, [VO(SB)(Im)]2, the electron density on the V = 0 bond is higher than on the V -N bond (N at position 3 of the imidazole ring). This imbalance of electron density leads to a lower g-value as compared to the free electron g-value. With the substitution of a methyl group in place of a hydrogen at either the 1 -or the 2 -positions of imidazole, the electron density is pushed towards the ligating N atom and causes almost symmetric distribution of electron density around the vanadium atom, leading to a g-value al most equal to the free-electron g-value. Extending the same argument further to the case of the ethyl substituted imidazole, where the electron density is pushed slightly more towards the ligating N-atom, the electron density around vanadium is reversed from what it is in the case of the unsubstituted imidazole compound. This results in a g-value higher than the free-electron g-value for the ethylimidazole complexes as compared to the g-value in the case of the unsubstituted imidazole compound which is lower than the free-electron g-value.
To further substantiate this argument, an electron withdrawing group e.g. vinyl, was substituted at posi tion 1 of the imidazole ring. As expected, the g-value decreased from that of the unsubstituted imidazole group due to a lowering of electron density at the ligating nitrogen (N-3) .
Dimeric oxovanadium(IV) compounds are charac terised by low field spectra [24] in solution at -1600 G due to the A M = 2 transition. Due to the poor solubility of the complexes under discussion, we could not record the EPR spectra in a suitable sol vent. Nevertheless, some of the compounds discuss ed here did show low-field spectra for the polycrys talline solid at -1600 G, confirming the dimeric na ture of the [VO(SB)(D) ] 2 complexes.
The dimeric nature of these complexes is fur ther substantiated on the basis of thermogravimetric analysis. All these compounds are stable up to 220-270 °C. With the increase in temperature, the imidazole ligands followed by the Schiff base ligands are lost in a stepwise manner finally form ing V20 5 at around 500 °C. Considering the initial decomposition temperature as a rough criterion for the stability of the complexes, the order of stability for the complexes studied, [VO(SB)(D)]2, seems to be as follows (for various imidazole ligands, D): Im -2-EtIm < 1-Etlm < l-Melm.
